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SUMMAKT 



Brief teata yere made In the BACA atablllty tunnel 
of tv/o types of spring tal) used as balances on a partial- 
span plain aileron, She tabs were connected to a spring 
so located in the control system that the tah deflection 
was dependent on the control force. One tab 'was formed 
by making the rear portion of the aileron moTable; the 
other tab was detached and located a distance of 1 aileron 
chord behind the aileron. The aileron was mounted on a 
wing of 4— foot chord and of BACA 23012 section. The wing 
completely spanned the 6— foot— square test section of the 
tunnel. The tests were run at angles of attack of 0° 
and 9.5° and at dynamic pressures of 25 and 65 pounds per 
Square foot. The effects of changes In aprlng preload 
and of removing the tab— gap seal were investigated for 
the trailing— edge tab. The teat results, uncorrected 
for tunnel— wall or blocking effects, presented as curves 
of tab angle, aileron angle, and hinge-moment coefficient 
at the control stick, are plotted against stick deflec- 
tion. The change in section lift coefficient with stick 
deflection was estimated and included with the plots of 
the test results. Cross plots of control— hinge— moment 
coefficient against computed increment of section lift 
coefficient are also included. The results of the tests 
Indicated that spring tabs offer a very promising method 
of reducing the control forces without danger of causing 
overbalance or Insufficient balance under aja.y flight con— 
*dltlon. 



IBTBOBUCTIOV 



The Increased alae and speed of present— day al:i^ 
planes have made neceaaary a very cloae balance of hinge 
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moments If the lateral— control surfaces are to furnish 
the rolling velooltles demanded and still are to Tub moved 
manually. She vide variation in the forms of halance em- 
ployed is indicative of the lack of any completely satis- 
factory method of "balance. The reduction in control force 
provided, hy the "balance is usually accompanied hy one or 
more dipadvantages , such as insufficient "balance or over— 
"balance for some flight conditions, reduction In control 
effectiveness, loas of "feel" in the control, or lag in 
the response to control movement. 

Xhe ideal aileron "balance would he one in which the 
amount of "balance would depend directly upon the stick 
force. In an attempt to achieve this ideal, the use of 
spring tahs for balancing has "been proposed. Theoreti- 
cal calculations (references 1 to 3; and flight o"bserva— 
tlons (reference 4} have suggested the value of such 
systems. 

The spring ta"b receives its name from tho use In 
the control system of a spring, the deflection of which 
is uopondent on the control force. She deflection of 
tho &;irlng in turn moves a ta'b at the rear of the aileron 
in such a way that the stick forces produced hy the 
aileron are reduced. The deflection of the tah can bo 
delayed until the stick force exceeds a certain value if 
the spring is preloaded. 

By using a tab for balance, several advantages, 
such as improved control effectiveness and docreAsod 
drag, arc obtained over the usual types of balance lo- 
cated at the aileron nose. Tho tab balance also lightens 
the load on tho aileron hinges and reduces the overhang 
of tho aileron hinges. 

Tho tosts reportbd herein wore made to permit quali- 
tative comparisons of various sprin^tab ailerons with a 
plain aileron. The effects of tab location, amount of 
control dofloction, airspeed, angle of attack, spring 
preload, and ta"b— gap seal voro investigated. ?or purposes 
of discussion, each chango in spring proload or in tho 
condition of the tab gap is considered a soparato springy 
tab arrangement. In order to pormlt comparison of tho 
control forces at the samo control of f ectivoness , esti— 
matos were made of tho change in section lift coefficient 
with control— St ick deflection for tho plain aileron and 
for tho aileron with various spring— tab arrangements. 
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Tlio Influenoe of the spring tab on the response of the 
control surface to sudden stick deflections was also In- 
vestigated, 

STKBOIiS 

I-' 

Xho following symbols and subscripts are used: 
T free— stream velocity 

p density of air 

q. free-stream dynamic pressure ^"gP^*^ 

b span 
o chord 

S angular deflection of aerodynamic surface; positive 

when trailing edge moves dovn 

H control— hingo momont; that Is, moment oxerted at 
contrcl— St Iclc hinge by aerodynamic surfacos; 
positive when momont tends to produce positive 



Cj]^ control— hinge— moment coefflclont 



(qca»b^) 



I airfoil section lift 

Ci airfoil section lift coefficient 

ACj change In c^ due to deflections of aerodynamic 
surfaces 

a geometric angle of attack, measured between tunnel 

axis and airfoil chord 

Og angular deflection of control stick; positive for 
positive 
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Subscr ipts: 

w airfoil aeetlon with aileron and taT> 
a aileron section with tab 
t tab section alone 

TEST CONDITIONS ANS APFAHATUS' 



The tests were conducted in the 6— foot— square test 
section of the VACA stability tunnel. The model used 
was a rectangular wing of 4— foot chord with an NACA 33012 
section and completely spanned the test section. Because 
the tests were intended to he used only for comparative 
purposes and did not involre the measurement of forces 
or uomeats on the wing, no attempt was made to conform 
accurately to the HACA 2301S section. The else cad lo- 
cation of the partial— span aileron and the sizes and lo- 
cations of the trailing-edge and detached spring tabs 
used are shown in figure 1. Sihe chords of the aileron 
and the detached tab sections were alined when the tab 
angle was zero. The aileron section departed from the 
NACA 33012 profile by having a straight taper from the 
aileron hinge line to the trailing edge. (See fig. 3.) 
The aileron and trailing— edge— tab gaps were sealed with 
plast Ic— impregnated cloth, attached with glue in the 
positions indicated In figure 2. 

■i'ie prxuolple of operation of the spring— t&b linlca^e 
Is lllustratol in the schematic diagram of figure 3, and 
details of the specific linkage tested are given in fig- 
ure 4. For convenience In interpreting the results, the 
spring— tab linkage was assumed tc be connected directly 
to the horn on a control stick, as noted in figures 3 
and 4. She deflection of the spring, located between 
the aileron horn aid the ccncrol stick, was proportional 
to the aileron hinge moment if the force transmitted by 
tlie spring exceeded the spring preload. Che spring con- 
stant was 569 pounds per inch. The spring was preloaded 
by shortening the spring-retaining bolts. The distance 
from the aileron horn to the control stick, and conse- 
quently the mechanical advantage of the control stick, 
varied slightly with the spring deflection. As indicated 
In figure 3, the tab was so linked Into the control sys- 
tem that the tab deflection was pcoportlonal to the de- 
flection of the spring. 
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Elji-ge moments at the assumed coiitrol~8t_lc]c locatioj), 

were neae-arecL "by a calibrated spring Isalaiice. In order 
to deflect the aileron, torq.iie was applied manually to 
the actual control stick located outside the test section 
^ . and was transmitted through the moment halance and a 
^ torq^ue tuhe to the arm labeled "control horn" In figure 3, 

*^ The angular deflections of the aileron, tah, and control 

horn were read on calibrated quadrants. Measurements of 
the hinge moments could he repeated to give hinge-^moment 
coefficients agreeing within ±0,002 at - 25 pounds 
per Square foot and ±0.001 at ^ 65 pounds per square 
foot. She accuracy of the angular deflections is he~ 
lleved to he ±1/2°. 

RESTTLIS AJSm DISCUSSIOST 



The outstanding Impression gained during the tests 
of the spring-tab ailerons was the ease with which the 
aileron could be deflected at high speeds. The control 
force required for full aileron deflection seemed little 
higher at the maximum speed than at the lower speed. In 
contrast, the extent to which the plain aileron could bo 
defloctod became very limited because of the high control 
force at the high speed. 

A Qoderato oscillatory motion of the control system 
occurred under some test conditions when the tab was noar 
tho stall. The oscillation appeared to be caused by un- 
steady Alow conditions such that the tab became alter- 
nately Called and unstalled. Hot Ions of this type have 
boon obaorved during tests of other types of aileron bal- 
ance, for the detached tab, the stall was usually ao— 
companlod by an abrupt change to a new oq-u^illbr lum .- 
condition at a lower aileron angle and a higher tab angle 
than before the stall. Stalling of the tab undoubtedly 
should be avoided by use of adequate tab sise In order 
that large deflections are not required or by use of a 
limited tab— angle travel. 

The results of the tests are presented In figures 5 
to 8, which show the variation of tab angle, aileron 
angle, increment of section lift coefficient, and control^ 
hinge— moment coefficient with control— st ick deflection 
for the plain aileron and for the aileron with' various 
trallln^edge— tab arrangements. The test data for the 
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aileron vltli a detached spring tal) are presented In 
fl^^res g to 12. She Tcurloua curves show different 
btlck positions for sero hloge moment, an indication 
that the floating angle of the aileron changed vlth 
speed for any given tah arrangement. The variation 
vlth speed occurred heoause the weight of the aileron, 
tah, and control— operating linkage Introduced an Ini- 
tial mozient ahout the aileron hinge lino. Because this 
weight moment was constant, the floating angle of the 
aileron varied with speed and angle of attack. 

An additional variation in floating angle for the 
different tah arrangements resulted from slight differ- 
ences in the tal}— angle setting corresponding to sero 
aileron deflection. Kodiflcation of the test results 
to compensate for the woighb moment and for taL— setting 
changes was conslderod not to facilitate comparisons of 
the hohavlor of the aileron with and without the spring 
talis sufficiently to warrant the additional computations 
reciuired. The greatest offset of such modification 
would ho to shift the tat)— anglo and hinge— momont-~co.effl— 
clont curves along the stick— dof loot ion scale until the 
floating angle was the same for all test conditions. 

Hechanlcal limitations of tho control system pre— 
vontod testing of tho plain aileron over a sufficient 
range of stick posit ion 'for satisfactory comparison with 
results for the spring— tah ailerons; data of reference 5 
voto therefore used to extend the curves for the plain 
aileron, as Indicated hy the dashed lines in figures 5 
to IS. Reference 5 was also used to obtain data for 
computing the curves of the Increment of section lift 
coefficient presented in these figures. 

The effect of spring preload is shown in figures 5 
to 12 hy the tendency of the curves for the spring-tab 
ailerons to match the corresponding curves for the plain 
aileron over the range of stick position for which the 
load in the spring link does not exceed the preload in 
the spring. She value of Ch at which the hinge-moment- 
coefficient curve breaks is indicative of the amount of 
spring preload. The amount of preload for the curves 
labeled "large preload" differed for the trailing-edge 
tab and the detached tab. Tests of the trail ing— edge tab 
were made at small preload in addition to the tests at 
large preload. The data obtained readily permit conclu- 
sions to be drawn concerning the behavior of spring-tab 
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ailerons with no preload. Vlth no preload, the slope of 
the-h-lngre— moment— ooefflclent curve would "be lower than - 
for the plain aileron throughout the range of stick 
position. Preloaded sprlng—tal) . ailerons , on the other 
hand, hare a hlnge^moment— coefficient curre that la the 
Same as for the plain aileron over the central portion 
of the stick travel; for larger stick deflections, how^ 
ever, the curve has ahout the same slope as the hinge— 
moment— coefficient curve for a corresponding spring— tah 
aileron with no preload. The advantage of the preloaded 
tab in reducing the hinge moments only when the stick 
force is large may he contrasted with the usual hehavior 
of aerodynamic "balances, which reduce the hinge moment 
most at small control deflections for -which the control 
Is already sufficiently light 1 

She increment of section lift coefficient produced 
by a given stick deflection gives an Indication of the 
relative effectiveness of the various control ayatems in 
producing rolling motion. The curves in figures 5 to 12 
show that the plain aileron furnishes the greatest amount 
of control, provided the pilot is able to deflect the 
aileron to the required angle. Ihe spring— tab aileron 
with no preload, in contrast, gives the least amount of 
control. The pilot's strength, however, is usually the 
governing factor that limits the amount of control at- 
tainable with any particular system. Cross plots show- 
ing the control— hinge— moment coefficient required to 
produce a given increment of section lift coefficient 
for the various trail ing— edge— tab arrangements are pre- 
sented in figxires 13 and 14 for the two test speeds and 
for an angle of attack of 0°. These figures Indicate 
that a spring— tab aileron with no preload will generally 
develop the largest amount of control for a given effort 
on the part of the pilot. For positive control deflec- 
tions at low speed, however, the spring— tab ailerons 
gave little or no gain over the plain aileron. (See 
fig. 13.) 

Although figures 13 and 14 indicate that the spring 
tab decreases the hinge— moment coefficient of the aileron 
for a given value of AO}, a considerable Increase In 

the required stick deflection usually attends the re- 
duction In hinge— moment coefficient. The increase in 
stick deflection has two causes: (l) More aileron de- 
flection must be produced to make up for the loss of 
lift caused by deflecting the tab, and (2) part of the 
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available stick travel la required to deflect the taJbt 
that la, to compreaa the aprlng. If It la aaaumed that 
the original control gearing required all the avallahle 
atlck travel to attain full aileron deflection, two 
methoda are available for accommodating the Increased 
travel demanded when the spring tah la Introduced: (r.) 
Cl^ The control gearing may "be left unaltered and the 
condition accepted that the sprln^tah aileron cannot 
attain the same aileron deflection at high apeeda as la 
potentially poaalhle with the plain aileron. Vlth auch 
an arrangement, noTertheleaa , the aprlng— tah aileron may 
provide conslderahly more actual control at high apeeda 
hecauae the pilot la aTsle to attain control deflections 
that he othervlae would not have the strength to achieve. 
(2) She mechanical advantage of the control atlck may be 
decreaaed to permit full aileron deflection vlth the 
spring fully compresBed. If the mechanical advantage Is 
decreaaed, an Increaae ocoura in the atlck force for any 
given operating condition. 

A reduction in the stick travel e^^ended to com- 
preaa the tab aprlng would be deairable. Two methoda 
of reducing the travel would be (l) to make the spring 
stlffer and obtain the tab deflection by a larger multi- 
plication of the aprlng movement, or (s) to obtain part 
of the tab movement by direct gearing and to use the 
aprlng deflection to produce the reat of the tab mov^ 
ment. Aa an alternative, the amount of tab deflection, 
and consequently the stick travel, needed could be re- 
duced if aome other method of balance were used to 
supplement the tab balance. 

Determination of the effect of speed on the control 
forces experienced with the spring-tab aileron is of 
particular interest but requires comparisons of the 
actual hinge momenta involved. Such a comparison is 
given in figure 16, in which the control— hinge moment la 
plotted against speed for the plain aileron euid for the 
aileron with sealed trailing— edge tab with both small 
and large spring preloads. Figure 15 was cross— plotted 
fron figures 13 and 14 for a change in Ac; of —0.4 

from the position of zero hinge moment. Ihe values ob- 
tained show that the hinge moment of the plain aileron 
varies as the square of the speed but that the spring 
tab aileron tends to give a nearly constant rate of in- 
crease of hinge moment with speed, Gates theoretically 
predicted in reference 1 that auch results would be 
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oljtained. Xhe -rate of Increase of hinge moment with 
speed: can he changed hy rarltitlons In parameters, such 
as the spring constant, for the sprlng^tah system. 

For a preloaded sprlng-tah aileron, another effect 
of an Increase In speed Is the redu-ctlon of the range of 
stick travel over which the preload is evident. In fl^ 
ure 7, for example, the effect of preload Is apparent at 
values of control— st Ick deflection from appr oxlmat el;^ 
—13° to 7° fbr the sprlng-tah aileron with large preload 
at q, s 25 pounds per square foot. Tor the same spring— 
tah aileron at the higher speed corresponding to q a 65 
pounds per square foot (fig. 8), the approximate range 
of stick deflection affected hy the preload Is from —11° 
to —3 ; and, contrasted with figure 7, the curves more 
neetrly approach the curves that would be obtained for a 
spring— tab aileron with no preload. These results Indi- 
cate that a preloaded sprin^tab aileron operated within 
a sufficient speed range will act as a plain aileron 
over the entire range of stick deflections at the lower 
speeds and will behave much the same as^a spring— tab 
aileron with no preload at the higher speeds. 

Semoval of the tab seal reduced the effectiveness 
of the tab as a hinge— moment balance, as evidenced by 
the larger tab deflections required for a given aileron 
deflection when no tab seal was used. (See figs. 5 to 8. 
Higher stick forces were necessarily required to produce 
the larger tab deflections. 

During the tests with the tab seal removed, a ten- 
dency of the tab to stall at moderately low deflections 
was noted. Xhe stalling tendency appeared to be consid- 
erably Influenced by the Beynolds number. A comparison 
of the tab— angle curves for the unsealed tab with small 
preload in figure 7 and 8 shows that a tab angle of —22° 
was reached at low dpeed but that €he tab stalled above 
an angle of —17° at high speed. 

In practice, difficulty may be eogperlenced In seal- 
ing the tab gap. Xhe foregoing discussion Indicates 
that without such a seal the tralling-edge spring tab ' 
suffers an appreciable loss in efficiency. A few tests 
were therefore conducted of an aileron with a detached 
spring tab, which requires no seal. Xest results for 
the detached tab, presented in figures 9 to 12, are 
cross— plotted in figures 16 nxA 17 to show the control— 
hinge-moment coefficient that must be overcome to obtain 
a given increment of section lift coefficient. 



Aileron hinge llae 




I L ^ 

' K- •250 \ *f 
.060 J 



.314 



jetached-tab 
ilnge line — 



-Traillng-edge ta"b 

-Detached tab, IU.OA. 0031 section; 
cjaorcl = .063 c,; span = .167 "h^^ 



7igure 1.- Sizes and locations of aileron and tabs tested. 
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, 7igcre S— Cross section of aileron and traillng^e^e tab. 
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(a) Mode of opf^ration w/)er7 cor)irol force c/oqs not exce<zc/ spring prQ/oad. 
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ib)Modz of op(zrai/on when spring /s compressed to c/ef/ect tab. 
f}^. 5 Schematic diagram showin<^ princip/Q of operation of spring fah //nka<ye. 



Coniro/ horn 



> 



Aihron horn irunnion 
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figure 4. - Oeta//s of s/or/n<^ /ah //n/ra^e tested. 
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Confrol - stick def/ecfibn, O^ide-g 
Figure9,--'\/ar/af/on of ai/eron angle^ /ncr-en/ent of sect/on Jiff 
cqeff/cien/^ ond confro/^-h}/og&~motrient coeffici&nt 
vjifh Qarifrol-sfick defl^ct'iQn for plain and detachsd Spring- 
tab ai/crans ^ - O ■ cj - pounds per square foot. 



Ffg. 10 



o 



o 



-I 



1 — 1 — F 

!° 

i r 


At, 

RIa 
Del 
Qot 

Of- 


n\ai 

i 


/ero. 
ed__ 
ted 

1 

'i ■ 


1 

' 1 
spn 
rrz 






rare 

c 


i 

! 

r 




1 
1 


pre. 


'oad 






■ 




1 
1 










1 

■ i 


I 

! 
























1 
i 


— 1 — 

1 

i 






1 

i 


1 








< 


■ 1 




















1 

1 , 






— 1 — 








\ 
i 


\ 
1 


i 
1 


1 


















I 








' ■ j 

i 




V- 




i 


i 


1 

! 


! 














i 


i 


i 


i 






1 


1 


1 


















1 


! 


i 


1 












i 














1 


i 


1 




C 


•by 


! 

rjpu 


daf 


i 

a o. 
e S 


1 
















i 






1 

1 


0 












































































1 
































1 


































































































































\ 


\ 




































































V 


































\ 




































































— N 


\ 


































\ 












0 'ZO 


-1 


< 




C 3 


0 ^\ 



Con fro/- s iick def/ec fion , 9^ y</eg 
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Venation of aiferon angle a fief confro^-fyinge -momen-t 
coeff/'cisnf- i/^/t/i co/9tro/-s/^ltck d€>ffect/on for 
pla/n and dstacJfed spring-tab ai/&ronsi 
ruc-Q-S"; q =j£S pou/wfs per square, foof. 
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Confro^sfick def/eClion'^ A, ofe^ 



r/gure IZ. ~ 'Vanafion ^far/eron ang/e one/ cx>nfro/-/i/'nge-/!7ioment 

coefficientcu/f/} con fro/ -stick def/ect/on Ybf plain 

and detached spring-tab ai/srons • 

Of = 9-5 cf =- G5 pounds per s<jVars foot. 
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Figure 13.- Variation of ooutrol-iiinfre-.Tioniant coefficient with incre- 
ment of Boctlon lift coefficient for plain aad Bpring-tab 
alleroHB. o =0^1 q = S5 poxcids per square ?oot. 
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Figure 14.- Variation of coatrol-iiinge-iuoment coefficient with incre- 
ment of section lift cobfficient for plain and epring-ta^ 
ailerons, a » 0°; (] = 35 poninds per square foot. 
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Tlgore 15.- Variation of control-hi-ru-c moment with speed for 

the plain aileron and the Fealod sprin^^-tat 
aileron. Control deflected to i>;ivc a change in b!C\ of -0.4 
from B'jro hin^^u mo/aent. a = 0°. 
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Tlfure 16.- Variation of control-Mnge-ir.oi!nsnt coefficient wltb in- 

crcaient of section lift coefficleut for plain and de- 
tacbsdr-tali ailerons, a - 0°; q, b 35 poonds par square foot. 
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71gare 17.- Variation of control~hin^s-i.-.onexit coefficiont with in^- 

crdinent of section lift coefficient for plain and de- 
tachadp-ta1> ailerons, a s o<>; q s= 55 poijnda par aqtuare foot. 
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Curve 

A aileron deflection 

B control-stick deflection 

C 60 cycles per second timing line 

Vertical lines are l/lQ second timing lines 



Figure 18. - Typical records of aileron and control-stick 
deflections for aileron with sealed tralllng-edge spring 
tab with small preload, q =23 povinds per 

square foot. 



